Regulating Ions Transport in Nanochannel With Tandem and Parallel Structures via Concentration Polarization.
The unique phenomena of ion selectivity and ion current rectification (ICR) in nanofluidics have been widely used to construct bioinspired channels and organs, sensors and power generators. However, the excellent performance of a single nanochannel does not show a linearly increase when scaling up into multi-nanochannels in tandem and parallel structure, and in some cases, it even shows a reverse trend. Understanding of this scaling-up inconsistency in nanofluidics is essential to the design of functional devices. Here, we provide a method to investigate the ion transport properties in multi-nanochannels in tandem and parallel connections. We find that interfacial resistance caused by ion concentration polarization (ICP) in tandem and parallel nanochannels has a significant impact on ICR, showing a non-linear scaling up feature with tandem number and a decreased trend with parallel number, which is not expected in electronic devices. We further verify that it is feasible to regulate ion transport in tandem and parallel nanochannels by adding gap distances between nanochannels in tandem and parallel structures to decouple the ICP region between nanochannels. This study sheds fundamental insights into the ion transport properties in nanofluidic circuits, which promises for designing high performance nanofluidic devices in the fields of separation, energy and sensors.